Introduction
The rowan tree (Sorbus aucuparia L.) belongs to the Rosaceae family and it grows in the temperate zone, especially in its northern parts with a common occurrence in nature there [1, 2] . This tree species occurs on roadsides or in parks. It has are orange-red berries ranging from 0.5 to 2 cm in diameter [3] , having a bitter taste, and the fresh fruit is slightly toxic due to the parasorbic acid and hydrogen cyanide content [4] . The toxicity is destroyed by heating, drying or standing in a weak vinegar solution [5] . The first sweet rowanberries originated from a natural breeding process and they were found in Northern Moravia, the area of the current Czech Republic, in the second half of the 19th century. They were named Moravian rowans, in Latin labelled as Sorbus aucuparia var. dulcis Dieck. or moravica Zeng. [6] . Compared with rowanberries, sweet rowanberries have a mild taste and a lower amount of parasorbic acid.
In an attempt to grow new fruit species as well as cultivars which would be resistant to low temperature and adapted to a shorter vegetation period, a crossbreeding program of fruit woody plants has been conducted. First, at the beginning of the 20th century, Michurin in Russia [7, 8] carried out research with the attention being given to the genus Sorbus crossed with hawthorn (Crataegus), medlar (Mespilus), black chokeberry (Aronia), apple (Malus), and pear (Pyrus). In the crosses, considerable frost resistance, fertility needed and required characteristics of fruit were accomplished so that the crosses could be suitable for consumption and further processing such as making fruit compotes or for the production of liquors, wines or spirits [3] .
In these crosses, high antioxidant capacity is caused, in particular, by the content of phenolics. The rowanberries cultivars and hybrids studied by Hukkanen et al. (Burka, Dessertnaja, Eliit, Granatnaja, Kubovaja, Rosina, Rubinovaja, Titan, and Zholtaja) displayed high antioxidant capacity correlated to phenolic contents. Moreover, statistically significant differences in antioxidant capacity of different cultivars are given by origin of assayed simplex [9] . It seems that flavonoids as one of the group of phenolic compounds are of key importance in relation to antioxidant capacity in rowanberries [10] . Their antioxidant capacity affects reactive oxygen species (ROS) and reactive nitrogen species (RNS). ROS and RNS are generated in metabolism of a living organism [11, 12] . Excessive amounts of these reactive species may be harmful since they can initiate biomolecular oxidations which lead to cell injury due to the mutual reaction to form peroxonitrite [13] . ROS and RNS are implicated in the pathophysiology of diseases, such as cancer, rheumatoid arthritis, cirrhosis and arteriosclerosis as well as in degenerative processes associated with ageing [14] . Lipid peroxidation is often caused by ROS and RNS as an oxidative alteration of polyunsaturated fatty acids. In a biological system, lipid peroxidation generates a number of degradation products and it is found to be an important cause of cell membrane destruction [15] . Kylli et al. (2010) found that cultivation of rowanberries resulted in increased anthocyanin content, too [16] .
The main objective of this study was to determine the following antioxidant properties of rowanberries: the total phenolic content (TPC), total antioxidant capacity (TAC), total flavonoid content (TFC), and ascorbic acid content (AAC). Scavenging activities of 10% methanolic extracts of six sweet rowanberry cultivars fruits on nitric oxide (NO), superoxide anion (SA), hydroxyl radical (HA) and lipid peroxidation (LP) were indicated, too; results of the above analyses of rowanberry scavenging activity on NO, SA, HA and LP have not been reported in literature yet.
Experimental procedures

Plant material
Fruits were harvested in an experimental gene-fund orchard of Mendel University in Brno (MUB). This orchard is situated in the area of the village Zabcice, approximately 20 km southwards from Brno, the Czech Republic. The average annual temperature and a fiftyyear average sum of precipitation are 9ºC (during the growing season 15.6ºC) and 553 mm (during the growing season 356 mm), respectively. Soils are classified as gleyed alluvial soils developed on the Holocene calciferous sediments with a marked accumulation of organic compounds. Concerning the texture, the topsoil is loamy and the subsoil clayey-loamy [17] .
Fruits in consume ripeness from three trees of each cultivar studied were harvested in the course of August 2011 and 2012. Fifty randomly chosen fruits from each tree were used for analyses (i.e. altogether 150 per each cultivar). The fruits of particular cultivars were processed immediately after the harvest (not later than within two days). Harvested fruits were puréed in a mixer and the average sample was obtained by dividing the purée into quarters. Each parameter was measured in five replications.
The following cultivars were used: Burka, Dezertnaya, Granatina, Granatnaya, Likernaya, Titanovaya (see Table 1 for more details). For comparison, the wild rowanberries were used [3, 10] .
Extraction procedure
The extraction was performed according to the method described by Barros et al. (2007) , using the following procedure: 10 g of a fresh sample were homogenized for 10 sec in 100 ml of methanol in a SJ500 laboratory grinder (MEZOS, Hradec Kralove, the Czech Republic). The resulting paste was placed into Erlenmeyer flasks (120 ml) and let to stand in a water bath with the temperature of +25°C for a period of 24 h. After the extraction, the content of the flask was filtrated using a Filtrapak No. 390 paper (Petr Lukes, Uhersky Brod, the Czech Republic) and stored at +4ºC for further use [18] .
Total phenolic content assay
To measure total contents of phenolic substances, 0.5 ml of the sample was taken and diluted with water in a 50-ml volumetric flask. Thereafter, 2.5 ml of FolinCiocalteau reagent and 7.5 ml of a 20% solution of sodium carbonate were added. Using a LIBRA S6 spectrophotometer (Biochrom Ltd., Cambridge, the UK), the resulting absorbance was measured at the wavelength of 765 nm against a blind sample as the zero reference solution. In calculating the content of phenolic substances, the results were expressed as g of gallic acid (GAE) kg -1 of fresh mass (FM) [19] .
Antioxidant capacity by the DPPH test assay
The DPPH (2,2-Diphenyl-1-picrylhydrazyl) assay was conducted according to the method of Thaipong et al. (2006) [20] . This test is based on the reduction of DPPH*. In its radical form, DPPH* absorbs light at 515 nm, but upon reduction by an antioxidant or radical species, there is no absorption at that wavelength. The stock solution was prepared by dissolving 24 mg of DPPH with 100 ml of methanol and then stored at -20°C until needed. The working solution was obtained by mixing 10 ml of the stock solution with 45 ml of methanol to get the absorbance of 1.1 ± 0.02 units at 515 nm using a LIBRA S6 spectrophotometer (Biochrom Ltd., Cambridge, the UK). Fruit extracts (150 µl) were allowed to react with 2,850 µl of the DPPH solution for 24 hours in the dark. Then the absorbance at 515 nm was taken.
The values of absorbance were converted using a calibration curve of the standard and expressed in ascorbic acid equivalents (AAE) [21] .
Total flavonoid content assay
The total flavonoid content was determined following Singleton et al. (1999) [22] . Into a 10 ml Eppendorf tube, 0.3 ml of the fruit extract, 3.4 ml of 30% ethanol, 0.15 ml of NaNO 2 (c = 0.5 mol dm -3 ) and 0.15 nm of AlCl 3 .6H 2 O (c = 0.3 mol dm -3 ) were put and mixed. After 5 min, 1 ml of NaOH (c = 1 mol dm -3 ) was added, and the absorbance of the mixture was measured at the wavelength of 506 nm using a LIBRA S6 spectrophotometer (Biochrom Ltd., Cambridge, the UK). The total flavonoid concentration was calculated from a calibration curve using rutin as the standard. The results were expressed as g of rutin kg -1 FM.
Ascorbic acid content assay
The determination of ascorbic acid content (AAC) was done according to a modified method by Miki (1981) using 5 g of the homogenized fruit weighed in an Erlenmeyer flask and by adding 25 ml of extractant compounded from methanol : H 2 O : H 3 PO 4 in the ratio of 99 : 0.5 : 0.5 [23] . The flask with the samples was placed into a water bath with the temperature of +25°C and there the samples were extracted for 15 min.
To keep out the samples of daylight, the flask was covered with aluminium foil during the preparation. After the extraction, the content of the flask was filtrated using a Filtrapak No. 390 paper (Petr Lukes, Uhersky Brod, the Czech Republic). Before injection, the filtrate prepared in this way was diluted in ration of extractant and filtrated again through a membrane Nylon 0.45 μm filter (Petr Lukes, Uhersky Brod, the Czech Republic). The instrument used for ascorbic acid analysis consisted of a solvent delivery pump (Model 582, ESA Inc., Chelmsford, the USA), a guard cell (Model 5010A, with a working electrode potential K1 = 600 mV, K2 = 650 mV, ESA Inc., Chelmsford, the USA), a chromatographic Supelcosil LC8 Model column (150.0 x 4.6 mm), 5 µm particle size and a Coulochem III electrochemical detector (ESA Inc., Chelmsford, the USA). The chromatographic conditions used were constant: 30°C; a mobile phase (filtrated through a Nylon, 0.2 µm filter) comprising methanol, H 2 O, and H 3 PO 4 in the proportion of 99 : 0.5 : 0.5 respectively; isocratic elution; and the flow rate of the mobile phase at 1.1 ml min -1 . The content of ascorbic acid was calculated as g kg -1 of fresh mass.
Lipid peroxidation inhibition activity
The inhibition of lipid peroxidation was assayed by using 5 µg of the rat liver tissue homogenized in 20 ml of Tris-HCl buffer (50 mmol L -1 , pH 7.6). The amount of 0.1 ml of the liver homogenate was incubated with the sample (0.2 ml of a 10% extract), 0.1 ml of KCl (30 mmol L -1 ), 0.1 ml of FeSO 4 (0.16 mmol L -1 ) and 0.1 ml of ascorbic acid (0.06 mmol L -1 ) at +37ºC for 1 h. Thereafter, 1 ml of 1% thiobarbituric acid (TBA) and 1 ml of 15% trichloracetic acid were added. The final solution was heated at +100ºC in a boiling water bath for 15 min, cooled with ice for 10 min, and then centrifuged at 5,000 r.p.m. for 10 min using a MPW-54 apparatus (Unimed, Prague, the Czech Republic). The absorbance of the supernatant was measured at 532 nm, using a LIBRA S6 spectrophotometer (Biochrom Ltd., Cambridge, UK). 
Statistical Analysis
The data obtained were analyzed statistically by the analysis of variance (ANOVA) and Tukey's multiple range test for comparison of means. Correlation functions were calculated using the Unistat, v. 5.1 statistical package and Office Excel® Microsoft 2010.
Results and discussion
The results of chemical analyses are given in Tables 2  and 3 . The outcomes of statistical evaluation are shown in Tables 4 and 5 . All the results are expressed as a two-year average; there were no statistically significant differences between individual years.
Regarding the total content of polyphenolic compounds in wild rowanberries, on average 4.27 grams of gallic acid/kg FM was found, which is generally common in these wild berries [28] , or it is even slightly more than reported in the Mikulic-Petkovsek et al. (2012) work with respect to this fruit species [29] . Bravo [30] noticed similar contents. In addition, Kampuss et al. (2008) observed the same values, in some years the content of polyphenols even doubled [8] . The total phenolic content can vary greatly among the sweet rowanberry cultivars ranging from 5.5 to 10.14 g kg -1 GAE of fresh weight
Reactive oxygen species scavenging activity assay
For the measurement of ROS, RNS, and LP, a 10% fruit extract in the phosphate buffer (c = 50 mmol L -1 , pH 7.0) was prepared. The hydroxyl radical scavenging activity was assayed according to Ghiselli et al. (1998) [24] . One ml of the extract was mixed with 0. ) was then added to the reaction solution. The solution was incubated for 10 min at +37ºC prior to the addition of 0.5 ml of 1% thiobarbituric acid and 1 ml of 2.8% trichloracetic acid. The mixture was boiled for 10 min and cooled rapidly. The absorbance of the mixture was measured at 532 nm with a LIBRA S6 apparatus (Biochrom Ltd., Cambridge, the UK).
The superoxide anion scavenging activity was conducted according to the method based on the reduction of cytochrome c (Beissenhirtz et al., 2004 ) [25] . One ml of the extract was mixed with 1 ml of the solution containing xanthine oxidase (0.07 U ml -1 ), xanthine (100 µmol lL -1 ) and cytochrome c (50 µmol L -1 ). After incubation at +20ºC for 3 min, the absorbance at 550 nm was determined.
All tests were performed in triplicate. The scavenging activities of hydroxyl radical and superoxide anion were calculated as follows:
Scavenging activity (%) = (A 0 -A 1 /A 0 ) x 100% where A 0 is the absorbance of the control solution (without the sample) and A 1 is the absorbance of the mixture containing the sample.
Reactive nitrogen species scavenging activity assay
The assay of nitric oxide scavenging activity was performed according to the method by Green et al.
(1982) when 1 ml of the extract was mixed with 1 ml of the reaction solution containing sodium nitroprusside (10 mmol L -1 ) in the phosphate buffer (20 mmol L -1 , pH 7.4). The incubation at +37ºC for 1 h followed and 0.5 ml of the aliquot was then mixed with 0.5 ml of Griess reagent. The absorbance was measured at 540 nm [26] .
All tests were performed in triplicate. The scavenging activity of nitric oxide was calculated as follows:
Scavenging activity (%) = (A 0 -A 1 /A 0 ) x 100% where A 0 is the absorbance of the control solution (without the sample) and A 1 is the absorbance of the mixture containing the sample. Table 4 . Correlation relationships between the total phenolic content, the total flavonoid content, the total antioxidant capacity, the ascorbic acid content, and the scavenging effect of rowanberry extracts on hydroxyl radical, nitric oxide, superoxide anion and lipid peroxidation. of berries [9] . In assayed cultivars, the highest value of 8.19±0.56 g kg -1 GAE were found in the Granatnaya rowanberries. The similar value of total polyphenols was noticed by Kampus et al., who reported 4.85 g kg -1 GAE in the Likernaya cultivar [8] . Since the fruit species has not been described in the literature in detail despite its promising properties, one can conclude that it is a matter of cultivars, the influence of the year or the impact of soil or climatic conditions [31] [32] [33] . Even this original work supports further research on this fruit species. In relation to polyphenols, flavonoids, a sub-group of polyphenols, are essential chemical compounds with the influence on total antioxidant capacity in wild rowanberries, which also concerns sweet rowanberries [34] .
The results obtained point to possibilities of using sweet rowanberries in human nutrition as a good substitute for other wild rowanberries. Moreover, these crosses excel in low requirements for growing conditions and high resistance to frost [3] . Furthermore, their yield is mostly higher in comparison with wild rowanberries. Therefore, these crosses can be grown in Northern European countries (Finland, Sweden) as well as the Siberian regions of Russia and subpolar regions in general [35] .
The antioxidant activity is defined as an ability of the compound (or mixture of compounds) to inhibit oxidative reaction of various biomolecules (e.g. to prevent the peroxidation of lipids) [36, 37] . Methods of the antioxidant activity determination are usually based on the direct reaction of the studied molecule with radicals (scavenging) or on the reaction with transition metals [38] .
When compared with other common fruits species, the AAE values shown in Table 2 suggest that the antioxidant properties of rowanberry cultivars fruits investigated are obvious [20] . For example, in apples the average value of antioxidant capacity is 2. [16] as well as conjugated hydrocinnamic acid [41] . Mattila et al. (2006) report that phenolic acids are to a large extent responsible for antioxidant efficiency of sweet rowanberry fruits [35] . In our study, the total flavonoid contents in sweet rowanberry cultivars ranged between 3.37 g of rutin kg FW) in the Likernaya cultivar [42] . In wild rowanberry fruits, the analyses showed the content of 3.11 g of rutin kg -1 FM. On the whole, it is possible to state that these high flavonoid contents are remarkable and they are mostly two times higher than those found in common species of pomaceous and stone fruit [39] . They can be compared to very rich sources of flavonoids such as sea buckthorn (Hippophae rhamnoides L.) [43] or blue honeysuckle (Lonicera caerulea L. var. kamtchatica (Sevast.) Pojark.) [44, 45] . Moreover, Kylli et al. (2010) draw attention to the high flavonoid content in sweet rowanberries [16] .
Regarding ascorbic acid, its contents in both wild and sweet rowanberries are known. Nevertheless, the novelty of this work consists in comparing its levels in particular cultivars. In the fruits of wild rowanberries, the content was 0.1 g kg -1 FM on average [39] . On the contrary, sweet rowanberries can reach the values of 4.85 g kg -1 FM, particularly in crosses with black chokeberries [8] . In our study, the values ranged from 1.19 to 2.18 g of ascorbic acid kg -1 FM (see Table 2 ). For example, in apples, plums or blackcurrants the average contents of this vitamin are approximately 0.36 g kg -1 FM, 0.23 g kg -1 FM and 3.25 g kg -1 FM, respectively, and mainly blackcurrant is considered to be one of the most valuable sources of ascorbic acid for humans. In addition, kiwi fruits or oranges are known as fruits with high contents of vitamin C (1.00 -2.95 g kg -1 FM). Concerning vegetables, green peppers are one of the richest sources of ascorbic acid; they contain ca. 3.98 g kg -1 FM [39] . In the species studied, ascorbic acid level was -similarly to flavonoids and total phenolicshighly correlated with antioxidant effects of rowanberry fruit (Table 4 ). The correlations existing between both the total contents of phenolics, ascorbic acid, flavonoids and antioxidant capacity and scavenging effect on ROS and lipid peroxidation are given in Table 5 . Correlation between ascorbic acid and TAC is strongly positive (r 2 =0.9312), which does not correspond to findings of Kampuss et al. (2009) .
As mentioned by many authors [1, 46, 47] this is a typical trait of the majority of fruit species not only in the case of antioxidant capacity of phenolics, ascorbic acid, but also where it concerns the relationship between phenolics and ascorbic acid and ROS [48, 49] .
Besides the new data mentioned above, the major, the novel contribution of this work lies in presentation of analyses of sweet rowanberries scavenging activities against ROS and RNS. As the results suggest, sweet rowanberries are interesting nontraditional fruit species, whose consumption appears to be beneficial owing to high antioxidant efficiency of the fruits. The sweet rowanberry fruit extracts (10%) showed moderate inhibitory ability on hydroxyl radical (16.12-24.73%), superoxide anion (26.74-34.02%), nitric oxide (24.75-31.39%), and lipid peroxidation (7.93-13.12%). Using extracts of sweet rowanberry fruit was more effective than in other fruit species, e.g. mulberry [50] or apples [51] . In the case of apples, studied some cultivars and observed the following ranges of inhibition: hydroxyl radical 9.47% -18.12%, superoxide anion 17.10% -24.99% and nitric oxide 12.78% -21.36% [52] . A statistically significant correlation between total flavonoid content and antioxidant activity in rowanberries fruit was observed by Kähkönen et al. (2001) , which is in accord with our results (r 2 =0.8345) [53] . In our study, the strongest correlation was determined between TFC content and lipid peroxidation (r 2 =0.9170) and ascorbic acid and nitric oxide (r 2 =0.9108) levels. It is possible to conclude that sweet rowanberries may be strong scavengers of free radicals and that they can be considered a promising fruit species in human nutrition.
Sweet rowanberries are exceptionally valuable fruit species due to the high polyphenolic content. In particular, the high flavonoid content is remarkable. Together with ascorbic acid, these compounds participate in high antioxidant capacity and efficiency against ROS and RNS. Therefore, the consumption of this fruit may work as a prevention of many diseases. Our work provides mostly new data, particularly with regard to comparing the cultivars mutually as well as new results of inhibition efficiency of sweet rowanberries against ROS and RNS. Moreover, this work supports popularization of this nontraditional fruit species and it also aims at stimulation of interest in its cultivation and consumption, which can play important role in the regions with cold climate, hard frost and worse soil conditions.
